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SECTION 1 

INTRODUCTION 

1.1 OBJECTIVE OF THIS REPORT 

It is the  objec t ive  of t h i s  r epor t  to presen t  an eva lua t ion  
of t he  performance of t he  Explorer XXIX (GEOS A )  spacec ra f t  during 
i t s  f i r s t  th ree  months i n  o r b i t  and t o  present  the chronology of 
s i g n i f i c a n t  events  during t h i s  period. 

T h i s  r epor t  i s  d i r e c t e d  to an eva lua t ion  of t h e  i n i t i a l  per-  
formance of the  spacec ra f t  i n  o r b i t  and the  e f f e c t  of i t s  perform- 
ance on the  geodet ic  observations.  It covers the i n j e c t i o n  i n t o  
o r b i t  a f te r  launch, gravi ty-gradient  capture ,  t e s t s  w i t h  the  i n -  
j e c t i o n  of f l a s h i n g  l i g h t  information i n t o  the  memory i n  the  space- 
c r a f t ,  ope ra t iona l  readiness  t e s t s ,  and the  ope ra t iona l  performance 
of t he  spacec ra f t  subsystems. No attempt is  made to evalua te  the 
s c i e n t i f i c  i n v e s t i g a t i o n s  themselves o r  the  operat ions a s soc ia t ed  
wi th  t h e  conduct of these inves t iga t ions .  

1 .2  SUMMARY DESCRIPTION O F  THE GEOS A SPACECRAFT 

Explorer  XXIX (GEOS A )  was launched i n t o  o r b i t  by an improved 
Delta launch vehic le  (No. 34) on 6 November 1965 from Cape Kennedy, 
F l o r i d a .  The spacec ra f t  was designed and cons t ruc ted  by the  Ap- 
p l i e d  Physics Laboratory (APL) of the  Johns Hopkins Universi ty ,  
Howard County, Maryland. I ts  primary missions a r e  to permit an 
intercomparison of s a t e l l i t e  t racking  systems accuracies ,  provide 
i n v e s t i g a t i o n s  of t he  e a r t h ' s  g r a v i t a t i o n a l  f i e l d ,  and provide 
data for improving worldwide geodetic datum accurac ies  and posi- 
t i o n a l  accuracies  o f  s a t e l l i t e  t r ack ing  s i t e s .  

The spacec ra f t  i s  a gravi ty-gradient  s t a b i l i z e d  s o l a r  c e l l  
powered u n i t  which c a r r i e s  e l e c t r o n i c  and o p t i c a l  geodet ic  i n s t r u -  
mentation. The conf igura t ion  of the  spacec ra f t  i s  shown i n  Fig- 
u r e s  1-1 through 1-4. The spacecraf t  weight is approximately 
385 pounds. The geodet ic  instrumentation includes f o u r  xenon 



c 
i 
I 

o p t i c a l  beacons, which may be f l a shed  a t  p r e s e l e c t e d  times, four 
l a s e r  corner  r e f l e c t o r  panels ,  a range transponder (SECOR),  a 
Doppler beacon, a range/range r a t e  (R&RR) transponder,  and a 136-mc 
te lemet ry  and mini t rack  beacon. 

The radio-Doppler beacon on the s a t e l l i t e  t ransmi ts  250 mw 
a t  162 mc, 450 mw a t  324 mc, and 500 mw a t  972 mc. These Doppler 
t r a n s m i t t e r s  car ry  time markers t h a t  a r e  t o  be maintained i n  syn- 
chroniza t ion  with WWV t o  an accuracy of 0.4 mil l iseconds o r  b e t t e r .  

1- 2 
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SECTION 2 

SUMMARY 

2 . 1  OPERATIONS SUMMARY 

Explorer XXIX (GEOS A )  was success fu l ly  launched and i n j e c t e d  
i n t o  o r b i t  on 6 November 1965, but  wi th  an apogee s u b s t a n t i a l l y  
higher  than planned. Although t h i s  higher  apogee has no s i g n i f i -  
c a n t  e f f e c t  on the  performance of  t he  spacec ra f t  subsystems except 
to increase  the  s a t e l l i t e  l i b r a t i o n  amplitude i n  p i t c h  by 4 . 4 O ,  
i t  has a s i g n i f i c a n t  e f f e c t  on the o p t i c a l  observa t iona l  program. 
The increased  range a t  apogee reduces the  l i g h t  i n t e n s i t y  of t he  
o p t i c a l  beacon ava i l ab le  a t  the  observing s t a t i o n s  during apogee 
passes ,  r e s u l t i n g  i n  a higher  lamp output requirement which per -  
m i t s  fewer f l a s h e s  to be programmed. It a l s o  r e s u l t s  i n  a reduc- 
t i o n  i n  the  image s i z e  recorded on the  photographic p l a t e s  and, 
i n  some cases,  a t o t a l  loss of image for t he  l e s s  s e n s i t i v e  cam- 
e r a s .  The s ign i f i cance  of the increased l i b r a t i o n  amplitude on 
the observat ion program has not been s u f f i c i e n t l y  analyzed to date  
to a s c e r t a i n  i t s  e f f e c t  on the mutual v i s i b i l i t y  program for t he  
observing o p t i c a l  s t a t i o n s .  Further  study of t h i s  is required.  

The i n i t i a l  gravi ty-gradient  capture of t h e  spacec ra f t  on 
8 November 1965, r e s u l t e d  i n  upside-down o r i e n t a t i o n  of t he  space- 
c r a f t .  An inve r s ion  maneuver was success fu l ly  performed one week 
a f t e r  launch, on 13 November 1965, u t i l i z i n g  the  NASA STADAN s t a -  
t i o n  ULASKA t o  i n i t i a t e  the  maneuver and the  Navy TRANET s t a t i o n  
a t  t h e  Applied Physics Laboratory i n  Howard County, Maryland, to 
complete the  maneuver. The NASA ROSMAN DAF s t a t i o n  was backup t o  
t h e  APL s t a t i o n .  Proper o r i en ta t ion  of the  spacec ra f t  w i th  i t s  
bottom sur face  f a c i n g  the  e a r t h  a t  a l l  times was confirmed on the  
succeeding o r b i t .  

Af t e r  r i g h t  s i d e  up gravi ty-gradient  capture was achieved, 
i t  was a sce r t a ined  f r o m  telemetry t h a t  the a t t i t u d e  measurement 
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sensors  onboard the spacecraf t  were not  func t ion ing  properly.  The 
automatic c a l i b r a t i o n  sequence of t h e  magnetometers used f o r  a t t i -  
tude data was being randomly performed. I n  addi t ion ,  it was de- 
termined that  two of the s o l a r  aspect d e t e c t o r s  were not  func t ion-  
ing. Thus, accurate  measurement of the spacec ra f t  a t t i t u d e  has 
become d i f f i c u l t  and the r e s u l t s  of  the a t t i t u d e  measurement pro- 
gram are considered t o  be quest ionable .  A s  a r e s u l t  of t hese  a t -  
t i t u d e  measuring problems, r e l i a b l e  p r e c i s e  a t t i t u d e  information 
cannot be included i n  the mutual v i s i b i l i t y  program f o r  t he  observ- 
i ng  s t a t i o n s .  T h i s  may mean t h a t  some of the o p t i c a l  observing 
s t a t i o n s  w i l l  not  observe l i g h t  flashes when they a re  programmed 
f o r  them. 

During the  week of 30 November through 6 December, p r i o r  t o  
i n i t i a t i n g  worldwide ge ode t i c  and grav ime t r i  c inves t iga t ions ,  Op - 
e r a t i o n a l  Readiness Tes ts  were conducted t o  acquaint the geodet ic  
p a r t i c i p a n t s  with the GEOS operation. Formal t e s t s  were conduc- 
t e d  w i t h  the o p t i c a l  p a r t i c i p a n t s  by programming a number of space- 
c r a f t  f l a sh ing - l igh t  operat ions,  w i th in  spacec ra f t  power c o n s t r a i n t s ,  
t o  provide  opera t ing  experience; t o  obta in  spacecraf t jobserver  da t a  
on the accuracy of p red ic t ed  data; t o  evaluate  spacec ra f t  o p t i c a l  
s y s t e m  operat ion;  and t o  evaluate  o v e r a l l  spacecraf t /observer  op- 
e r a t i o n s .  Although not a scheduled par t  of t h i s  t e s t ,  operat ions 
were scheduled concurrently w i t h  GSFC R&RR s t a t i o n s  and Army SECOR 
s t a t i o n s  ( i n  CONUS) f o r  R&RR and SECOR data ,  r e spec t ive ly .  

Immediately fol lowing the Operational Readiness Tes t s  t he  
s p a c e c r a f t  was considered operat ional ,  and normal operat ions,  i n  
keeping with the  geodet ic  object ives ,  commenced on 8 December 1965. 

Backup memory i n j e c t i o n  t e s t s  were conducted during the 
pe r iod  1 December t o  23 December. The objec t  of t h i s  t e s t  s e r i e s  
was t o  eva lua te  the  GEOS/APL backup i n j e c t i o n  c a p a b i l i t y  of the  
ROSMAN DAF s t a t i o n  and t o  demonstrate the c a p a b i l i t y  by  perform- 
ing  a memory i n j e c t i o n  with t h e  spacec ra f t .  I n i t i a l  tests were 
conducted a t  GSFC and ROSMAN with the GEOS prototype spacec ra f t ,  

2-2 



culminating i n  a s e r i e s  of simulated i n j e c t i o n s  concurrent w i t h  

the APL's i n j e c t i o n s  and, f i n a l l y ,  a success fu l  spacec ra f t  memory 
i n j e c t i o n  from ROSMAN on 23 December 1965. 

Since the commencement of operations w i t h  GEOS A,  a l l  p a r t i c -  
i p a t i n g  organiza t ions  and networks have been record ing  the  outputs  
of the instrumentat ion onboard the spacec ra f t .  T h i s  instrumenta- 
t i o n  i s  providing u s e f u l  da ta ,  but  some d i f f i c u l t i e s  have been en- 
countered w i t h  some of the instrumentat ion subsystems, hampering 
the progress  of the  inves t iga t ions .  

O f  the  f o u r  f l a s h i n g  lights on the spacec ra f t ,  te lemetry d a t a  
i n d i c a t e s  a s i g n i f i c a n t  reduct ion i n  the l i g h t  output of lamp #4, 
thus  reducing the  luminosity when f o u r  lamps a r e  to be f l a s h e d  
simultaneously.  Due to t he  higher-than-planned o r b i t ,  f o u r  lamp 
f l a s h e s  a re  requi red  during apogee passes  f o r  adequate i l lumina-  
t i o n  a t  some of the observing cameras. With only t h r e e  lamps pro- 
v id ing  adequate i n t e n s i t y ,  some s t a t i o n s  may not  be ab le  to ob ta in  
images on the p l a t e s  u n t i l  perigee occurs near  t he  s t a t i o n .  

The cause or? the lamp f ' a i h r e  LE b e i ~ g  anilyzec? by the  Applied 
Physics Laboratory. Preliminary evidence suggests  tha t  damage to 
t h e  lamp may have occurred p r i o r  to gravi ty-gradien t  capture of t he  
s p a c e c r a f t .  During the  per iod  a f t e r  i n j e c t i o n  i n t o  o r b i t  and p r i o r  
to capture ,  te lemetry da ta  ind ica ted  t h a t  f o r  a long t i m e  the  space- 
c r a f t  s o l a r  c e l l s  were generat ing no power. From t h i s  i t  was de- 
duced that the  bottom sur face  of t h e  spacec ra f t  was o r i en ted  toward 
the  sun. Thus, the lamp r e f l e c t o r s  may have been a c t i n g  a s  so la r  
furnaces ,  focusing the sun's energy on the base of t he  lamp, dam- 
aging t h e  lamp connection i n  some manner. An attempt is  being made 
to s imula te  t h i s  condi t ion i n  the APL thermal vacuum chamber. 

APL has a l s o  observed that  some of t he  f l a s h e s  f a i l  to occur 
a f t e r  memory i n j e c t i o n .  I n i t i a l l y ,  t h i s  was ascr ibed  to a memory 
i n j e c t i o n  problem, but subsequent observat ions ind ica t ed  t h a t  most 
of t he  lost f l a s h e s  were assoc ia ted  wi th  the f l a s h i n g  of lamp #4. 
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Hence, it i s  considered t h a t  t h i s  lamp, r a t h e r  than a memory f a i l -  
ure,  i s  the  cause of the  lost f l a s h e s .  However, even w i t h  t h i s  

problem, about 85 percent  of the  13,000 programmed f l a s h e s ,  as  ob- 

served by APL, occurred through 15 January 1966. 

Missing f l a s h e s  present  an add i t iona l  burden f o r  both the 

i n v e s t i g a t o r s  and operat ions personnel. For the  i n v e s t i g a t o r s ,  
p l a t e  d a t a  reduct ion  becomes more d i f f i c u l t .  
sonnel,  the  disseminat ion of information concerning the missed 
f l a s h e s  increases  the  coordination requirements. 

For operat ions per-  

The A r m y  Map Service SECOR s t a t i o n  a t  Herndon, Vi rg in ia ,  has 
r epor t ed  in t e r f e rence  between the SECOR transponder and the  324-mc 
Doppler. To da te  i t  has not been d e f i n i t e l y  e s t a b l i s h e d  whether 
t he  problem e x i s t s  i n  the spacecraf t  or a t  the  ground s t a t i o n .  An 
i n v e s t i g a t i o n  of t h i s  problem i s  continuing. 

Ea r ly  i n  February 1966 the R&RR transponder temperature ex- 
ceeded design limits and was turned o f f .  A t  about the  same time, 
t he  SECOR transponder temperature dropped below i t s  design thresh-  
old.  These events  occurred when the  spacec ra f t  en t e red  a f u l l  
suni ig i l i  op'oi';, 2nd it is -i ,anontnd uc*upuuvuu t h a t  the spacecraf t  i s  fixed 

I 

I i n  i t s  yaw o r i e n t a t i o n  with the  R&RR transponder s i d e  of the  s a t -  

I e l l i t e  continuously f a c i n g  t h e  sun. The SECOR transponder is  
I mounted on the  opposite (dark)  side. APL has undertaken an in -  
I 

v e s t i g a t i o n  of th i s  s i t u a t i o n .  
I The Doppler system is providing good s i g n a l s ,  s u c h  t h a t  

through 15 January 1966 85 percent of the 7500 data recept ions  
were usable  f o r  computer runs. 

The s o l a r  c e l l  power generat ing subsystem i s  performing a s  
planned. 

, 2.2 CONCLUSIONS 

Based on the m a t e r i a l  presented i n  t h i s  r epor t ,  the  f o l l o w -  
i n g  conclusions a r e  drawn. 
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2.2.1 O r b i t  

GEOS A was success fu l ly  launched i n t o  the des i r ed  o r b i t ,  ex- 
cept that  apogee was s u b s t a n t i a l l y  h igher  than planned. 

The higher-than-planned apogee has no d e l e t e r i o u s  e f f e c t  on 
the  spacec ra f t  performance except that  the t h e o r e t i c a l  l i b r a t i o n  
amplitude i n  p i t c h  i s  increased  by 4.4O t o  a t o t a l  of 9.4O due t o  

I the  h igher  o r b i t a l  e c c e n t r i c i t y .  Although the spacecraf t  i s  e s -  
s e n t i a l l y  unaf fec ted  by t he  higher apogee, t he  e f f e c t  on the 

planned i n v e s t i g a t i o n s  is  s i g n i f i c a n t .  

2.2.2 S t a b i l i z a t i o n  and At t i tude  

The spacec ra f t  g rav i ty-gradien t  s t a b i l i z a t i o n  subsystem i s  
working we l l  and the invers ion  maneuver u t i l i z i n g  s t a t i o n s  from 
two sepa ra t e  networks t o  command the  spacec ra f t  t o  achieve proper  
o r i e n t a t i o n  was performed successfu l ly .  

The a t t i t u d e  determinat ion sensors  a r e  not performing s a t i s -  
f a c t o r i l y ,  causing the  a t t i t u d e  determination ana lys i s  t o  be not  
e n t i r e l y  r e l i a b l e .  

The length  of t he  gravi ty-gradient  boom is not optimal f o r  
minimum l i b r a t i o n  angle.  However, the  risks involved i n  r e t r a c t -  
i ng  the  boom t o  i t s  optimal length f o r  a s l i g h t  reduct ion i n  li- 
b r a t i o n  angle a re  not warranted a t  t h i s  time w i t h o u t  f u r t h e r  study 
and a n a l y s i s .  

2 .2 .3  Op t i ca l  and Memory Subsystems 

The degradation i n  performance of t h e  o p t i c a l  and memory 
subsystems has caused d i f f i c u l t i e s  w i t h  t he  inbes t iga t ions  and 
has inc reased  the workload i n  scheduling the  observations.  How- 
eve r ,  u s e f u l  o p t i c a l  da t a  a re  s t i l l  being obtained f rom the  o p t i c a l  
system. 
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2.2.4 E l e c t r o n i c  System In te r f e rence  

Although i n t e r f e r e n c e  has been r epor t ed  between the  SECOR and 
Doppler, the cause of t h i s  i n t e r f e rence  has not  y e t  been i s o l a t e d .  

2.2.5 Thermal Problems 

The R&RR and SECOR transponders a re  experiencing thermal 
excursions beyond design l i m i t s  during f u l l  sun l igh t  o r b i t s .  The 
cause of t h i s  remains to be e s t ab l i shed ,  although a f i x e d  o r i en ta -  
t i o n  of the spacec ra f t  with the  sun appears t o  be a poss ib l e  
explana t ion .  

2.2.6 Telemetry and Command 

The command and te lemetry subsystems are  func t ioning  
s a t i s f a c t o r i l y .  

2.3 RECOMMENDATIONS 

I n  view of the GEOS A operat ions and analyses  performed to 
date ,  t h e  fol lowing recommendations a r e  made: 

a.  Increased e f f o r t  should be made i n  f u t u r e  geodet ic  s a t -  
e l l i t e  launches t o  achieve the  nominal o r b i t ,  s i n c e  the  geometric 
p o s i t i o n i n g  of t he  observing s t a t i o n s  p r i o r  to launch i s  predica-  
t e d  on the  nominal o r b i t .  

b.  Detents should be properly loca t ed  along the g r a v i t y  
g rad ien t  boom to automatical ly  s top  the  boom movement a t  extended 
and r e t r a c t e d  optimum p o s i t i o n s  f o r  grav i ty-gradien t  capture,  and 
f o r  an inve r s ion  maneuver i f  required.  

c. The r e l i a b i l i t y  of the  a t t i t u d e  determination sensors  
f o r  GEOS B should be increased s u b s t a n t i a l l y  t o  ensure measurement 
of t h e  spacec ra f t  l i b r a t i o n  amplitude i n  o r b i t .  

d. A s tudy should be conducted t o  a s c e r t a i n  the  improvement 
i n  schedul ing  observations f o r  the o p t i c a l  beacon t h a t  may be 
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accomplished by inc luding  a l i b r a t i o n  amplitude p r e d i c t i o n  i n  the 
mutual v i s i b i l i t y  program f o r  t he  observing s t a t i o n s .  T h i s  s tudy  

should be accomplished p r i o r  t o  a dec i s ion  on the incorpora t ion  
of an a d d i t i o n a l  a t t i t u d e  sensor  on GEOS B. 

e .  The problem as soc ia t ed  with the degradation of the o p t i c a l  
beacon lamps should be thoroughly i n v e s t i g a t e d  and s t e p s  taken t o  
improve t h e i r  opera t ion  and r e l i a b i l i t y  i n  GEOS B. 
c u i t s  a s soc ia t ed  with the  o p t i c a l  system should be desens i t i zed  
s o  t h a t  fas t  noise  spikes would not a c t i v a t e  the  10-count c i r c u i t .  

D i g i t a l  c i r -  

f .  Reported in t e r f e rence  between the  SECOR and Doppler should 
be i n v e s t i g a t e d  t o  e s t a b l i s h  the  cause of t h i s  i n t e r f e rence ,  p r i o r  
to i n i t i a t i n g  co r rec t ive  ac t ion .  

g. The R&RR and SECOR transponder thermal excursions should 
be inves t iga t ed .  If a f i x e d  yaw o r i e n t a t i o n  i n  space is  found t o  
be thermally de t r imenta l  t o  the spacecraf t  subsystems, considera- 
t i o n  should be given t o  incorpora t ing  a means of yawing the  GEOS B 
spacec ra f t ,  such a s  by  magnetic torquing. 
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SECTION 3 

BACKGROUND 

The o v e r a l l  ob jec t ives  of the Nat ional  Geodetic S a t e l l i t e  
Program a r e  t o  more accu ra t e ly  def ine the  shape and s i z e  of the  
e a r t h  and the  complete conf igura t ion  of t h e  e a r t h ' s  g r a v i t a t i o n a l  
f i e l d ,  t hus  lead ing  t o  more p rec i se  geodet ic  and space measure- 
ments i n  the  f u t u r e .  Today, p rec i se  knowledge of t he  e a r t h ' s  
s i z e  and shape a f f e c t  such diverse  mat te rs  as t h e  accu rac i e s  of 
la rge-area  maps, l o c a t i o n  of p o l i t i c a l  boundaries, def in ing  of 
l i m i t s  t o  n a t u r a l  resources  concessions,  long-range naviga t ion  
systems, c e r t a i n  types of communication methods, and s a t e l l i t e  
t r a c k i n g  and recovery. 
s t r u c t u r e  of the  e a r t h ' s  g r a v i t a t i o n a l  f i e l d ,  which a i d s  s c i e n t i s t s  
i n  b e t t e r  understanding the  h i s t o r y ,  composition, and physics  
of t he  e a r t h .  

It i s  e s s e n t i a l  i n  def in ing  t h e  d e t a i l e d  

The e a r t h - o r b i t i n g  s a t e l l i t e  has become a new measuring 
t o o l ,  and has cont r ibu ted  g r e a t l y  t o  our knowledge of t h e  e a r t h ' s  
form, g r a v i t a t i o n a l  f i e l d ,  and mass d i s t r i b u t i o n .  These accom- 
pl ishments  have s t imulated many d iscuss ions  within the  s c i e n t i f i c  
community, recommendations by geodes is t s ,  and hear ings  before  
t h e  U.S. Congress t o  determine means of tak ing  f u l l  advantage of 
t he  p o t e n t i a l  of s a t e l l i t e  geodetic techniques.  A s  a r e s u l t ,  t he  
Nat iona l  Aeronautics and Space Administration, wi th  the  coopera- 
t i o n  of DOD and DOC, has undertaken a National Geodetic S a t e l l i t e  
Program t o  u t i l i z e  s a t e l l i t e s  for geodetic purposes, make measure- 
ments, reduce and analyze da t a ,  and gene ra l ly  d i s t r i b u t e  r e s u l t s  
t o  t h e  s c i e n t i f i c  communities throughout t he  world. The c u r r e n t  
program w i l l  r equ i r e  about f i v e  years  t o  complete, and Explorer 
XXVII  (BE-C), t he  f i r s t  NASA s a t e l l i t e  t o  have geodesy a s  i t s  
pr imary mission, was orb i ted  successfu l ly  on 29 A p r i l  1965, from 
Wallops I s l a n d ,  Vi rg in ia .  Table 3-1 l i s t s  the s a t e l l i t e s  c u r r e n t l y  
i n  t h e  Nat ional  Geodetic S a t e l l i t e  Program. 
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The launch and i n j e c t i o n  i n t o  o r b i t  of Explorer XXIX (GEOS A )  
involved a number of i tems t h a t  were launched f o r  the  f i r s t  time 
by NASA, as fol lows:  

0 F i r s t  launch of t he  improved Thrust Augmented Del ta  Vehicle .  

0 F i r s t  g rav i ty-gradien t  s t a b i l i z e d  spacec ra f t  launched by NASA 

F i r s t  launch of t h e  t h i r d  s t age  t o  spacec ra f t  adap te r  with 
t h e  despin mechanism a t tached .  

0 F i r s t  launch of the  Nimbus f a i r i n g  on t h e  Delta v e h i c l e .  
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SECTION 4 

CHRONOLOGY OF EVENTS 

The fol lowing i s  a chronology of t he  s i g n i f i c a n t  pos t  launch 
events  during the  e a r l y  o r b i t i n g  phase of GEOS A .  

Date - 
11/6/65 

11/8/65 

11/12/65 

11/13/65 

11/18/65 

11/23/65 

11/26/65 

Event 

Launch and successfu l  i n j e c t i o n  of GEOS A i n t o  o r b i t  
took p lace .  Gravity-gradient boom was extended t h r e e  
f e e t  a f t e r  o r b i t  #3. 

Gravi ty-gradient  boom w a s  extended t o  approximately 
37 f e e t  f o r  grav i ty-gradien t  cap tu re .  
confirmed but spacecraf t  w a s  upside down. 

Real-time te lemet ry  l i n k s  were checked out from NASA 
ROSMAN DAF S t a t i o n  and NASA ULASKA STADAN S t a t i o n  
t o  Goddard Operations Control Center i n  prepara t ion  
f o r  spacec ra f t  invers ion  maneuver. 

Spacecraf t  invers ion  maneuver w a s  performed success- 
f u l l y  on o r b i t  #83. 
The NASA ULASKA and ROSMAN S t a t i o n s  cooperated with 
APL i n  t h e  maneuver. 

Spacecraf t  memory was checked out  and lamps were 
f l a shed  f o r  i n i t i a l  o p t i c a l  observa t ions .  The SECOR 
transponder was in te r roga ted  f o r  t he  f i r s t  time. by 
t h e  Army Map Service S t a t i o n .  
was in t e r roga ted  f o r  t h e  f i r s t  t i m e .  

Camera c a l i b r a t i o n  t e s t s  were i n i t i a t e d  a t  J u p i t e r ,  
( F l o r i d a )  SAO, and s p e c i a l  o p t i c a l  s t a t i o n s .  

F i r s t  i n d i c a t i o n  was received of a problem i n  the  
f l a s h i n g  l i g h t  c i r c u i t r y .  

Capture was 

GEOS A was proper ly  or ien ted .  

The R&RR transponder 



12/1/65 

12/4/65 

12/6/65 

12/7/65 

12/8/65 

12/10/65 

2/5/66 
2/6/66 

2/6/66 

Event 

Operation Readiness Test w a s  i n i t i a t e d  involving 
a l l  program o p t i c a l  p a r t i c i p a n t s .  

Memory i n j e c t i o n  tes t s  with prototype spacec ra f t  
a t  GSFC were i n i t i a t e d .  

I n j e c t i o n  t e s t s  with prototype spacec ra f t  a t  GSFC 
were completed. 

Operational readiness t e s t  phase Qas completed. 

Memory i n j e c t i o n  t e s t s  with prototype spacec ra f t  
w a s  i n i t i a t e d  a t  NASA ROSMAN DAF S t a t i o n .  

Scheduled operat ions f o r  observa t iona l  d a t a  from 
o r b i t i n g  spacec ra f t  were i n i t i a t e d .  

Successful  memory i n j e c t i o n  t e s t s  with prototype 
spacec ra f t  a t  ROSMAN DAF S t a t i o n  were completed. 
AMS reported in t e r f e rence  on SECOR data ,  thought 
t o  be caused by Doppler 324 mc. 

ROSMAN DAF S t a t i o n  completed success fu l  memory 
i n j e c t i o n  of o r b i t i n g  spacec ra f t  w i t h  two days 
of f l a s h  sequences. 

R&RR transponder temperature exceeded design l i m i t s .  

R&RR transponder was turned of f  pending thermal 
i n v e s t i g a t i o n  . 
SECOR transponder temperature dropped t o  lower- l imit  
th reshold .  
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SECTION 5 

ORBITAL INJECTION OF EXPLORER XXIX (GEOS A )  

The GEOS A spacec ra f t  was to be placed i n t o  an e l l i p t i c a l  
o r b i t  wi th  an apogee of 800 n.mi., a per igee  of 600 n.mi., an 
i n c l i n a t i o n  of  59", and an e c c e n t r i c i t y  of 0.0236. The veh ic l e  
and spacec ra f t  funct ioned normally during countdown and launch, 
except f o r  t he  f a i l u r e  to command second s t age  engine cutoff  
(SECO). 
which r e s u l t e d  i n  an o r b i t  apogee h igher  than nominal. 

This allowed the  second s t age  to burn t o  f u e l  deple t ion ,  

The fol lowing table  compares t h e  planned and a c t u a l  orb. i ta1 
elements : 

Parameters 

Apogee (n.mi.) 
Per igee (n.mi. ) 
I n c l i n a t i o n  (deg. ) 
Period jmin.) 
E c c e n t r i c i t y  

800 
600 

59 
111.5 

0.0236 

Actual 

1227.31 
600.25 
59.38 
120.31 

0.0715 

5.1 I N J E C T I O N  PERFORMANCE 

Although the  spacec ra f t  i s  gravi ty-gradien t  s t a b i l i z e d  i n  
o r b i t ,  dur ing the  i n j e c t i o n  phase ( th i rd - s t age  burning) i t  was 
s p i n  s t a b i l i z e d ,  despun a f t e r  burnout of the  t h i r d  s tage ,  and 
then  sepa ra t ed  from t h i s  s t age  p r i o r  to gravi ty-gradien t  capture.  

Spinup of the  t h i r d  s tage ,  t h i r d  s t age  burning, despin, and 
s p a c e c r a f t  s epa ra t ion  occurred s a t i s f a c t o r i l y .  The a c t u a l  time 
of occurrence,  compared t o  the planned nominal time, is  given i n  
Table 5-1. Spinup r a t e  was to be approximately 144 rpm and r e s i d -  

r e s i d u a l  s p i n  r a t e  during the  first o r b i t  of the  spacec ra f t  over 
Alaska was a sce r t a ined  from t e l e m e t r y  to be 1-1/4 rpm, we l l  wi th in  

, u a l  s p i n  a f t e r  despin was to be 0 f 3 rpm. The a c t u a l  measured 



TABLE 5-1. SIGNIFICANT FLIGHT EVENTS 
~ ~~ 

EXPECTED TIME 
EVENT ( T t  seconds ) 

L i f t  -off 

TAD Mot o r  Separa t ion  

MECO 

Stage I1 I g n i t i o n  

J e t t i s o n  F a i r i n g  

S E C O  

Spin-up 

Stage II/III Separa t ion  

Stage I11 I g n i t i o n  

Stage I11 Burnout 

Despin 

Space c raf  t/S t age 111 
Separa t ion  

T+O 
(1300:OO.O EST) 

~ + 7  0 

T+149.2 

T+156.2 

T+541.7 

T+541.7 

~ + 1 1 0 6 . 2  

T+1108.2 

T+1121.2 

T+1143.7 

T+1201.2 

~ + 1 2 2 6 . 2  

ACTUAL TIME 
(T+ seconds) 

T+7 1 

T+149.1 

T+155 7 

T+537 9 

T+537 9 

~+1106.2 

~ + 1 1 0 8 . 2  

~+1118.i 

T+1141.5 

~+1190.8 

T+1209.8 
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t o l e rance .  The +3 rpm s p i n  to le rance  was p red ica t ed  on the s t r u c -  
t u r a l  s t r e n g t h  of the  grav i ty-gradien t  boom, which can not  s a f e l y  
be extended u n t i l  the r e s i d u a l  spin r a t e  i s  wi th in  t h i s  t o l e rance .  

The nominal t r a c e  of t he  f i r s t  six o r b i t s  of GEOS A a f t e r  
i n j e c t i o n  i n t o  o r b i t  i s  shown i n  Figure 5-1. 

5.2 HIGH ORBIT EFFECTS 

A s  p rev ious ly  stated, the  apogee of GEOS A i s  higher  than 
planned, r e s u l t i n g  i n  an o r b i t  e c c e n t r i c i t y  l a r g e r  than nominal. 
The e f f e c t s  of t h i s  h igher  o r b i t  and e c c e n t r i c i t y  a re  of no s i g -  
n i f i c a n c e  a s  f a r  a s  the performance of the spacec ra f t  and i t s  
subsystems i n  o r b i t  a r e  concerned. Although the g r e a t e r  eccen- 
t r i c i t y  does inc rease  the sa t e l l i t e  gravi ty-gradien t  l i b r a t i o n  
amplitude, t he  increase  is not s u f f i c i e n t  t o  adversely a f f e c t  
t h e  grav i ty-gradien t  s t a b i l i z a t i o n  of the spacec ra f t .  However, 
t h e  e f f e c t s  of the h igher  o r b i t  on the u t i l i t y  of the  spacec ra f t  
a r e  s i g n i f i c a n t  . 

A d e t a i l e d  a n a l y s i s  of t he  nigh erb i i t  e f f e c t s  nn the geodet- 
i c  i n v e s t i g a t i o n s  i s  contained in  Reference 2. The e f f e c t s  per -  
t a i n  only  t o  t he  o p t i c a l  i nves t iga t ions  and may be summarized as 
fol lows : 

a. The h igher  a l t i t u d e  increases  the range of the spacec ra f t  
from the  o p t i c a l  observing s t a t i o n s ,  which r e s u l t s  i n  a lower 
l i gh t  i n t e n s i t y ,  a t  the camera, from the o p t i c a l  beacon lamp f lash-  

es. T h i s  causes a smal le r  image s i z e  t o  be recorded on the  -photo- 
graphic  p l a t e s ,  o r  r e s u l t s  i n  a t o t a l  loss of image f o r  the l e s s  
s e n s i t i v e  cameras. 

b .  A number of observing s t a t i o n s  were s p e c i f i c a l l y  pos i -  
t i o n e d  t o  provide optimal geometric conf igura t ions  based on the 

. nominal o r b i t .  The s t r e n g t h  of t h i s  geometry has been weakened 
by the higher  o r b i t .  
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c. The h igher  o r b i t  requi res  more lamps t o  be f l a s h e d  simul- 
taneously i n  f l a s h i n g  sequences t o  provide adequate luminosi ty  f o r  
record ing  a t  the observing s t a t i o n s .  
l i m i t a t i o n s ,  t h i s  reduces the number of f lash  sequences that  may 
be programmed p e r  o r b i t ,  reducing the number of observat ions t h a t  
may be made. 

Due t o  spacec ra f t  power 

d. The increased  s a t e l l i t e  l i b r a t i o n  amplitude due t o  the 
g r e a t e r  e c c e n t r i c i t y  w i l l  a f f e c t  the mutual v i s i b i l i t y  program 
accuracy. However, t h e  ex ten t  of t h i s  e f f e c t  on the observat ion 
program r e q u i r e s  f u r t h e r  s tudy and a n a l y s i s  before i t s  magnitude 
can be a sce r t a ined .  

e .  The higher apogee increases  the mutual v i s i b i l i t y  f o r  
any lamp f lash,  which may permit more s t a t i o n s  t o  observe each 
f lash.  T h i s  tends t o  o f f s e t  the disadvantages prev ious ly  mentioned. 
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SECTION 6 

GRAVITY-GRADIENT CAPTURE 

The GEOS A spacec ra f t  is  gravi ty-gradien t  s t a b i l i z e d  i n  o r b i t  
t o  keep the bottom su r face  of t he  s a t e l l i t e  f a c i n g  toward t h e  
e a r t h  a t  a l l  times. During the  launch phase and i n i t i a l  o r b i t s  
the gravi ty-  grad ien t  boom was r e t r a c t e d  wi th in  the spacec ra f t  . 
Gravity-gradient capture  occurs only a f t e r  the boom is extended 
the  proper  length.  
u a l  s p i n  r a t e  of t he  spacec ra f t  has been reduced below a prede ter -  
mined threshold.  

T h i s  can only be accomplished when the r e s i d -  

6 .1  INITIAL GRAVITY-GRADIENT CAPTURE 

P r i o r  t o  i n i t i a t i n g  gravi ty-gradien t  capture  of t he  space- 
c r a f t ,  t h e  Applied Physics Laboratory moditored the  r e s i d u a l  sp in  
r a t e  during the  f irst  th ree  o r b i t s  t o  a s c e r t a i n  whether t he  on- 
board eddy cur ren t  rods would damp the 1-1/4 rpm r e s i d u a l  sp in  
r a t e  t u  iess t h a  9.3" per second, below which the boom could 
s a f e l y  be extended t o  the  des i r ed  length  of 4-0 f e e t  f o r  capture.  
T h i s  monitoring revea led  t h a t  the s p i n  r a t e  was not  damping down. 

For gravi ty-gradien t  s t a b i l i z a t i o n ,  t he  GEOS A spacec ra f t  
i nco rpora t e s  a s i n g l e  ex tendib le  boom, mounted wi th in  the space- 
c r a f t  s t r u c t u r e ,  wi th  an eddy current  damper a t t ached  on the  end. 
T h i s  damper c o n s i s t s  of a hollow sphere of aluminum, r i g i d l y  a t -  
t ached  t o  the ex tendib le  rod. A b a r  magnet i s  loca ted  in s ide  the 
sphere,  such tha t  i t  i s  f r e e  t o  r o t a t e  w i th in  the sphere. 
magnet w i l l  then o r i e n t  i t s e l f  p a r a l l e l  t o  the geomagnetic f i e l d  

v e c t o r  and hence w i l l  be magnetically anchored t o  the f i e l d .  

l o c a t i o n  of t h i s  damper wi th in  the spacecraf t  during the  launch 
phase p l aces  i t  between the N i - C d  b a t t e r i e s ;  hence, i n  i t s  r e -  
t r a c t e d  p o s i t i o n  it  would be locked to the  b a t t e r y  cases.  It is  
probable  t h a t  th i s  occurred, and i t  became necessary t o  extend 
t h e  boom s e v e r a l  f e e t  s o  t h a t  the damper could a s s i s t  i n  damping 

The 

The 
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t he  r e s i d u a l  s p i n  of t he  spacecraf t .  The ex tens ion  t o  th ree  f e e t  
was commanded on the  f o u r t h  o r b i t .  

Af te r  extension of  t he  boom t o  t h ree  f e e t ,  t he  spacec ra f t  was 
observed t o  despin t o  e s s e n t i a l l y  zero.  However, i t  was observed 
f rom te lemetry t h a t  the  bottom surface was apparent ly  o r i en ted  
toward the  sun, s i n c e  no cur ren t  was being generated by  t he  s o l a r  
c e l l s .  Since prolonged exposure t o  sun l igh t  could possibly dam- 
age the instrumentat ion on the  bot tom sur face ,  APL decided to ex- 
tend the boom e a r l y  to 40 f e e t  f o r  capture ,  r a t h e r  than wai t  f o r  
a favorable  opportunity t o  ensure r i g h t  s i d e  up capture.  

The boom extension was i n i t i a t e d  on 8 November 1965. The 
de ten t s  on the  boom f o r  automatic s topping were located,  p r i o r  
t o  launch, a t  t h ree  f e e t ,  15 f e e t  and 50 f e e t .  Hence, to s t o p  
the  boom a t  40 f e e t  i t  was necessary to command the  s top .  The 
t iming of the  s top  command could be based e i t h e r  on the  r equ i r ed  
e lapsed  time determined f r o m  the  ground c a l i b r a t i o n  of t he  boom 
extens ion  ra te  or by observing by te lemet ry  the number of t u r n s  of 
the boom ciruri xhile t h e  

method, w i t h  t he  former 
mand was i n i t i a t e d  b u t ,  

s i g n a l  was lost and the  
t i m e .  

b n m  i s  extended. APL e l e c t e d  t h e  l a t t e r  
method as a backup. The extension com- 
p r i o r  to f u l l  extension,  the  telemetry 
s t o p  command was given, based on e lapsed  

Since the ex tens ion  r a t e  i n  the  space environment could d i f -  

f e r  somewhat from the  ground c a l i b r a t i o n ,  the  exact extension 
l eng th  of the boom could only be es t imated.  From the  time d i f f e r -  
ence between the s t a r t  and s t o p  commands i t  was est imated t h a t  the  
boom extended approximately 37 f e e t  i n s t e a d  of t h e  optimum 40 f e e t .  

The p r o b a b i l i t y  of r i g h t  s ide  up capture  was only 50 percent  
s ince  t h e  spacec ra f t  had a random o r i e n t a t i o n  p r i o r  t o  capture .  
Af te r  capture  occurred and the  l i b r a t i o n s  damped down, i t  was de- 
termined t h a t  the spacecraf t  was a c t u a l l y  captured upside down 
and an invers ion  maneuver was required.  
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6.2 INVERSION MANEUVER 

An invers ion  maneuver i s  accomplished by r e t r a c t i n g  t h e  boom 
a predetermined amount to increase the  spacec ra f t  r o t a t i o n a l  r a t e  
above o r b i t a l  r a t e ,  thus  causing the spacec ra f t  to t end  t o  t u r n  
over. After a sho r t  coast  per iod,  the  boom i s  then  re-extended 
f o r  capture  with the  spacec ra f t  r eo r i en ted  180" from i t s  i n i t i a l  
o r i e n t a t i o n .  

The invers ion  maneuver can be accomplished from a s i n g l e  
ground s t a t i o n ,  but f o r  the  GEOS A o r b i t  the t iming i s  c r i t i c a l  
due t o  t he  sho r t  continuous v i s i b i l i t y  of  the spacec ra f t  from a 
s i n g l e  s t a t i o n .  By s e l e c t i n g  t w o  s t a t i o n s  along the  o r b i t  wi th  

some overlapping v i s i b i l i t y ,  the  time for the maneuver can be 
extended by having one s t a t i o n  r e t r a c t  the  boom and the  next  s t a -  
t i o n  commanding the  re-extension. Hence, a two-stat ion maneuver 
was performed. 

For the  GEOS A invers ion  maneuver the  NASA STADAN s t a t i o n  
ULASKA was s e l e c t e d  to i n i t i a t e  boom r e t r a c t i o n  and the  APL TRANET 
S t a t i o n  a t  Howard County, Maryland, t o  re-extend t h e  b e m j  with 

t h e  NASA ROSMAN DAF s t a t i o n  backing up APL. 
success fu l ly  performed on 13 November 1965, on o r b i t  #83 and the 
inve r s ion  was confirmed by telemetry from the  ULASKA S t a t i o n  on 
o r b i t  #84. 

The  maneuver was 

The boom was i n i t i a l l y  r e t r a c t e d  t o  the  l5 - foo t  de t en t ,  which 
au tomat ica l ly  stopped t h e  r e t r a c t i o n .  
a t  40 f e e t ,  but one a t  50 f e e t ,  i t  was decided t o  extend the  boom 
to 50 f e e t  t o  ensure accura te  knowledge of t he  boom length.  
though ca l cu la t ions  i n d i c a t e  optimum boom leng th  a t  40 f e e t  t o  
minimize the  thermal bending e f f e c t s  on l i b r a t i o n  amplitude, 
was considered t h a t  the e f f e c t  of t he  a d d i t i o n a l  length  could be 
a s c e r t a i n e d  from the  a t t i t u d e  measurement sensors  and, i f  d e s i r -  
ab le ,  t h e  boom could be r e t r a c t e d  a t  a l a t e r  da te  to 4.0 f e e t  with- 
out a f f e c t i n g  r i g h t  s i d e  up capture.  

Since t h e r e  was no de ten t  

A l -  

i t  
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During the  invers ion  maneuver, t e lemet ry  of t he  r e t r a c t i o n  
and extension was recorded, f rom which r e t r a c t i o n  and extension 
r a t e s  could be determined for comparison with the  ground c a l i b r a -  
t i o n  ( see  Figure 6-1). From Figure 6-1 it  may b e  noted t h a t  t he  
measured r a t e s  d i f f e r  f rom the  ground c a l i b r a t i o n ,  i n d i c a t i n g  t h e  

d e s i r a b i l i t y  of using de ten t s  to s top  boom extension f o r  r e t r a c -  
t i o n  a t  any d e s i r e d  poin t .  

6.3 SPACECRAFT LIBRATION MEASUREMENTS 

The GEOS A a t t i t u d e  measurement sensors  cons i s t  of t h r e e  mag- 
netometers mounted along th ree  orthogonal axes ( see  Figure 1-3) 
and a s e t  of s o l a r  aspect de t ec to r s  (SAD) a l s o  mounted on three 
orthogonal axes (X, Y, Z of Figures 1-1 and 1-2) .  The l o c a t i o n  
of t he  X a x i s  and Y a x i s  SAD'S i s  shown i n  Figure 1-2.  The SAD 
on the  t h i r d  a x i s  ( Z  axis of Figure 1-2) i s  mounted on top  of t he  
spacec ra f t  ( - Z  a x i s ) .  

Each s o l a r  aspect  de t ec to r  c o n s i s t s  of two c a l i b r a t i o n  c e l l s ,  
a l i n e a r  de t ec to r  and a cos ine  d e t e c t n r .  The two c a l i b r a t i o n  
c e l l s  a r e  configured s o  t h a t  one c e l l  has a m a x i m u m  acceptance 
angle of 8" and t h e  o the r  30". The output of both c e l l s  i s  summed 
and te lemetered to a ground rece iv ing  s t a t i o n .  The t r a n s i t i o n  
f rom a high output l e v e l  ( t w o - c e l l  o u t p u t )  to a s ing le  c e l l  output 
provides  a re ference  vol tage l e v e l  a t  the  hown 8" angle.  

6.3.1 At t i tude  Sensor Performance 

The h i s t o r y  of t he  SAD'S on GEOS A i s  as fol lows:  

a. 

b .  One l i n e a r  sensor  f a i l e d  during launch. 

c. The -X c a l i b r a t i o n  sensor f a i l e d  s h o r t l y  a f t e r  launch. 

d. A l l  f i v e  cosine de tec tors  have degraded i n  o r b i t .  

The +X c a l i b r a t i o n  sensor f a i l e d  during launch. 
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The magnetometer sensors  produce an analog vol tage propor- 
t i o n a l  t o  the magnetic f i e l d  i n t e n s l t y  along t h e i r  ax i s .  Cal ibra-  
t i o n  i s  accomplished by energ iz ing  a callbrat1.ori c o i l  i n  each mag- 
netometer. The normal c a l i b r a t i o n  sequence Is the a p p l i c a t i o n  of 
t he  high c a l i b r a t i o n  voltage followed by a te lemetry readout,  twice, 
t he  app l i ca t ion  of the  low c a l i b r a t i o n  vol tage followed by a readout,  
twice. 
t a i n e d  i n  o r b i t ,  a s  the sequence appears t o  be random. I n  addi- 
t i o n ,  the  c a l i b r a t i o n  may a l s o  be a f f e c t e d  by the f l u x  l inkage of 
the  magnetometers, due to the presence of the despin rods.  

It has been observed tha t  t h i s  sequence is not being main- 

A s  a r e s u l t ,  i t  has been d i f f i c u l t  t o  a s ses s  the spacec ra f t  
l i b r a t i o n  amplitude f rom the a t t i t u d e  sensor  te lemetry data .  APL 
i s  conducting an extensive s t u d y  t o  eva lua te  the  d a t a  r e tu rned  
f rom the spacecraf t .  Rough prel iminary r e s u l t s  of t he  s tudy i n -  
d i c a t e  tha t  the spacec ra f t  i s  performing as expected. 

6.3.2 The ore  t i c a l  A t t i t ude  P r e d i c t  ion  

The f o u r  p r i m a r y  sources of a t t i t u d e  pe r tu rba t ions  a re  grav i -  
t a t i o n a l ,  magnetic, s o l a r  an2 w h i t .  e c c e n t r i c i t y  f a c t o r s .  The 
g r a v i t a t i o n a l  pe r tu rba t ion  i s  due to the  ob la t e  shape of the e a r t h .  
The magnetic dis turbance torques a r i s e  from the  magnetic damper 
on the end of the boom and the  r e s i d u a l  d ipole  of  the spacec ra f t .  
So la r  d i s turbances  a r e  due to center  of s o l a r  r a d i a t i o n  pressure  
and cen te r  of  mass o f f s e t s ,  and t o  thermal d i s t o r t i o n s  of the  
grav i ty-gradien t  boom. The o r b i t  e c c e n t r i c i t y  introduces a f orc- 
i ng  func t ion ,  due to the geometry of t he  o r b i t ,  to increase  l i b r a -  
t i o n  amplitude. For the GEOS A o r b i t ,  the s t eady- s t a t e  peak li- 
b r a t i o n  angle from t h i s  e f f e c t  has been computed t o  be 4.4O i n  
p i t c h  (Reference 2 ) .  

I n  summary of a l l  the computed pe r tu rba t ion  e f f e c t s  f o r  
GEOS A, t h e  fol lowing a r e  best-case and worst-case condi t ions 
given: 
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Best Case: 25 November 1965 
~ o i i  = 0.5" 
P i t c h  = 5.5" 
T o t a l  angle = 5.5" 
(Due t o  o r b i t  precession, t h i s  occurs every 56 
days. ) 

Worst Case: 7 October 1966 
T o t a l  Angle = 9.5O 
(L ib ra t ion  angle i s  expected t o  be under 5" 
60 percent  of the t ime.)  

6.4 STABILIZATION EVALUATION 

The spacec ra f t  appears t o  be w e l l  s t a b i l i z e d  i n  o r b i t  by the 
gravi ty-gradien t  s t a b i l i z a t i o n  subsystem, i n d i c a t i n g  tha t  the  eddy 
cu r ren t  damper on the  end of t he  boom is performing s a t i s f a c t o r i l y .  
The spacec ra f t  has had proper o r i e n t a t i o n  with r e spec t  t o  the e a r t h  
z f t e r  invers ion  maneuver, with the bottom su r face  f a c i n g  toward the 
e a r t h  a t  a l l  times. The inversion maneuver was performed without 
i nc iden t ,  u t i l i z i n g  a combination of STADAN and TRANET S t a t i o n s  t o  
command the  maneuver. 

Though the spacec ra f t  a t t i t u d e  measurement sensors  a r e  not  
ope ra t ing  s a t i s f a c t o r i l y  and cannot be used f o r  r e l i a b l e  and pre-  
c i s e  measurement of spacec ra f t  l i b r a t i o n  amplitude, the  e f f e c t  of 
the t o t a l  l i b r a t i o n  amplitude on the  geodet ic  i nves t iga t ions  has 
not  been thoroughly s tudied ,  a s  i nd ica t ed  i n  Paragraph 5.2. Thus, 
the need f o r  accura te  amplitude measurements has not  been proven 
a s  y e t .  

For f u t u r e  geodet ic  s a t e l l i t e  developments with p a r t i c u l a r  
r e fe rence  t o  GEOS B, it appears des i r ab le  t o  increase  the  r e l i a -  
b i l i t y  of the a t t i t u d e  de tec t ion  sensors  t o  ensure the accurate  
determinat ion of the l i b r a t i o n  amplitude. 
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SECTION 7 

I N I T I A L  OPERATIONAL PROGRAM 

A f t e r  grav i ty-gradien t  capture  of the  spacec ra f t  and damping 
of t h e  l i b r a t i o n s ,  a s e r i e s  of readiness  t e s t s  was conducted with 
a l l  o p i t i c a l  observers u t i l i z i n g  the spacec ra f t  o p t i c a l  beacon. 
Subsequently a memory i n j e c t i o n  t e s t  was conducted a t  t he  NASA 
ROSMAN DAF S t a t i o n .  Upon completion of t he  readiness  t e s t s  the 
spacec ra f t  was declared opera t iona l  and programmed opera t ions  
u t i l i z i n g  the  spacec ra f t  commenced on 8 December 1965. 

7.1  READINESS TESTS 

During the  period from November 30 through December 6 ,  Opt ica l  
Operat ional  Readiness Tes ts  were conducted with all o p t i c a l  obser- 
ve r s  t o  provide ope ra t iona l  experience i n  the  spacecraf t /observer  
f l a s h i n g  l i g h t  opera t ions .  F u l l  d e t a i l s  of t hese  t e s t s  a r e  given 
i n  Reference 3. 

7 .1 .1  Test  Operations 

These t e s t s  provided the  maximum number of o p t i c a l  events  
t h a t  could be programmed within the spacec ra f t  power c o n s t r a i n t s  
a t  t he  t ime. Each o p t i c a l  observer was provided with a number 
of programmed events  t o  ga in  opera t iona l  experience with the  
spacec ra f t  and t o  permit NASA t o  obta in  prel iminary i n d i c a t i o n s  
of the  accuracy of observat ions,  accuracy of p red ic t ion  d a t a ,  e t c .  
Observations from a number of t h e  observers ind ica ted  t h a t  pre-  
d i c t i o n  d a t a  and spacecraf t /observer  t iming accurac ies  were 
adequate f o r  successfu l  o p t i c a l  observat ions.  The observers  
completed the  required opera t iona l  o p t i c a l  r epor t s  for t h e  GSFC 
Geodetic Operations Control Center (GOCC)  and, f o r  the  most p a r t ,  
r e p o r t s  were received i n  the  a l lo t ed  time per iod .  The t e s t  a l s o  
permit ted eva lua t ion  of the following: 



a .  Spacecraft/observer/control c e n t e r  opera t ions  

b .  APL Light F lash  Request and memory i n j e c t i o n  tape  program 
ope r a t i o n s  

c .  APL I n j e c t i o n  S t a t i o n  Operations 

d .  GEOS spacec ra f t  memory and f l a s h i n g  l i g h t  system opera t ion  

e .  GOCC ope ra t iona l  performance 

Although no t  a scheduled p a r t  of these  t e s t s ,  e l e c t r o n i c  
opera t ions  were scheduled concurrent ly  f o r  R&RR and SECOR, and 
d a t a  obtained t o  demonstrate t h e i r  successfu l  operat ion.  

A l l  f l ash  schedules,  with the  except ion of the  December 2 
schedule,  were success fu l ly  loaded i n t o  the  spacec ra f t  memory 
from t h e  APL Howard Coundty I n j e c t i o n  S t a t i o n .  The spacecraf t  
success fu l ly  executed the  programmed f lash  sequences, although 
s e v e r a l  f l a s h  sequence malfunctions were detected on APL te lemet ry  
d a t a  whereby only p a r t  of  the f l a s h e s  i n  a programmed sequence 
occurred. These were a t t r i b u t e d  t o  noise  sp ikes  generated by 
lamp assembly #4 t r i g g e r i n g  the 10-count c i r c u i t  with sp?.zrioi.is 

and preempt t h e  remaining f l a s h e s  of t h a t  programmed sequence. 
T h i s  problem has continued t o  a f f e c t  the  operat ion of the  GEOS 
s p a c e c r a f t  ( s e e  Paragraphs 8.1 and 8 . 2 ) .  

no i se  sp ikes ,"  causing the 10-count c i r c u i t  t o  a c t i v a t e  ( coun t )  I f  

7.1.2 Improvements 

During the  course of these  t e s t s  the  GOCC modified and f i r m e d  

ope ra t ions  and ope ra t iona l  procedures. The need f o r  improved 
d e l i v e r y  of observa t iona l  p red ic t ions  t o  i n t e r n a t i o n a l  p a r t i c i p a n t s  
was demonstrated, r e s u l t i n g  i n  changes i n  t h e i r  d e l i v e r y  from the  
GOCC. 
modified, g iv ing  b e t t e r  d e f i n i t i o n  t o  the  f l a s h i n g  l i g h t  images on 
exposed p l a t e s .  

Procedures f o r  developing 038-01 photographic p l a t e s  were 
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7.1.3 Op t i ca l  Results 

Table 7-1 t a b u l a t e s  t he  r e s u l t s  of t he  o p t i c a l  observat ions 
made during t h i s  per iod .  I n  t h i s  t a b l e  it can be seen t h a t  a 
l a r g e  number of f l a s h e s  were n o t  observed, due t o  weather, s t a t i o n  
equipment problems, e t  c e t e r a .  It i s  important t o  note ,  however, 
t h a t  f o r  photographs taken and p l a t e s  examined, an average of 
55 percent  of t he  expected images were found. 

7.2 NASA ROSMAN DAF MEMORY I N J E C T I O N  TESTS 

Memory i n j e c t i o n  t e s t s  were conducted t o  demonstrate t he  
c a p a b i l i t y  of providing backup i n j e c t i o n  c a p a b i l i t y  f o r  t he  GEOS 
spacec ra f t .  The ROSMAN s t a t i o n  was se lec ted  because of i t s  
mutual v i s i b i l i t y  with the  APL Howard County S t a t i o n ,  t h e  a v a i l a -  
b i l i t y  of most of the  equipment required t o  e f f e c t  a GEOS i n j e c t i o n  
and t h e  a v a i l a b i l i t y  of t r a i n e d  s t a t i o n  personnel.  F u l l  d e t a i l s  
of t hese  t e s t s  a r e  given i n  Reference 3. 

7 . 2 . 1  GSFC Tes t s  With Pro tu tvme Scacecraf t  

Prel iminary i n j e c t i o n  t e s t s  were f i r s t  conducted on a closed- 
loop basis from t h e  GSFC Orbi t ing Astronomical Observatory (OAO)  
Control Center t o  the  prototype GEOS spacec ra f t  setup a t  t he  GSFC 
t e s t  s t a t i o n  during December 1, 2, and 4. This c e n t e r  was used 
because of i t s  General M i l l s  AD/ECS computer s i m i l a r  t o  the  one 
a t  ROSMAN. 

These t e s t s  v e r i f i e d  the  performance of t h e  i n j e c t i o n  pro- 
gram developed f o r  t he  AD/ECS computer and v e r i f i e d  ground s t a t i o n /  
spacec ra f t  equipment compat ib i l i ty .  Both synchronous and resyn- 
chroniz ing  i n j e c t i o n s  were successfu l ly  conducted with the  proto-  
type spacec ra f t .  

7 .2 .2  ROSMAN Tes ts  with Prototype Spacecraf t  

I n j e c t i o n  t e s t s  with t h e  GEOS prototype spacec ra f t  were 
conducted a t  t h e  ROSMAN s t a t i o n  from December 7-10. E s s e n t i a l l y  
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t h e  same t e s t s  were conducted a t  ROSMAN a s  a t  t he  GSFC, t h e  
primary purpose of these  t e s t s  being t o  assure  i n j e c t i o n  program 
and a c t u a l  ground s t ; ~ t  ion/spacecraft  compa t ib i l l t y  and t o  provide 
t r a i n i n g  f o r  s t a t i o n  pcrsonnel.  

Severa l  l o c a l  equipment problems arose  t h a t  had not  been 
encountered a t  the GSFC. These were overcome by minor program 
changes. Both synchronous and resynchronizing i n j e c t i o n s  were 
success fu l ly  performed. In  performing synchronous i n j e c t i o n s  a 
A t  time co r rec t ion  was put  i n t o  the computer program t o  compen- 
s a t e  f o r  delays i n  t h e  ground s t a t i o n  equipment, 
propagation delay,  and spacecraf t  equipment delays.  T h i s  p r o -  
vided the  necessary co r rec t ion  t o  provide ground s t a t i o n  synchro- 

n i z a t i o n  wi th in  one 22.750 cps (43 m s )  clock pulse  i n t e r v a l  of t he  
spacec ra f t  c lock.  

atmospheric 

Both synchronous and resynchronizing i n j e c t i o n s  were success- 
f u l l y  performed with t h e  spacecraf t .  I n  add i t ion ,  the  backup 
synchronous i n j e c t i o n s  were performed t o  check-out the  program. 

7.2.3 

7 .2.3.1 I n j e c t i o n  Monitor/Simulation 

ROSMAN I n j e c t i o n  Test With Orbi t ing  Spacecraf t  

P r i o r  t o  performing a memory i n j e c t i o n  with the  o r b i t i n g  
GEOS A spacec ra f t ,  t he  ROSMANstation monitored and simulated a 
memory i n j e c t i o n  along w i t h  an APL i n j e c t i o n  on the  n i g h t  preceding 
the  ROSMJJJJ i n j e c t i o n  attempt (December 2 2 ) .  B i t  and frame sync 
were r e a d i l y  obtained,  a l l  i nd ica t ions  being t h a t  a ROSMAN i n j e c t i o n  
would have been successfu l .  

7 . 2 . 3 . 2  Spacecraf t  I n j e c t i o n  

On December 23, the  ROSMANstation success fu l ly  completed a 
synchronous memory i n j e c t i o n  on the  GEOS A o r b i t i n g  spacec ra f t ,  w i t h  

a l l  65 command words r e a d i l y  confirmed. APL monitored the i n j e c t i o n  
and confirmed i t s  success .  Although no t  a scheduled p a r t  of t h e  
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t e s t ,  t h i s  i n j e c t i o n  was the  f i rs t  time the  spacec ra f t  had been 
loaded f o r  two-day f l a s h  t imes.  
s imulat ion,  b i t  and frame sync were r e a d i l y  obtained.  
grammed backup synchronous i n j e c t i o n  was no t  attempted s ince  the  
i n i t i a l  i n j e c t i o n  was successfu l .  

A s  i n  the  preceding monitor/ 
The pro- 

The resynchronizing i n j e c t i o n  was not  attempted s ince  the re  
was no spacec ra f t  clock e r r o r .  

7 . 3  SPACECRAFT OPERATIONS FOR INVESTIGATIONS 

During the  f i r s t  two months of  operat ion considerable  d a t a  
have been accumulated, by the  p a r t i c i p a t i n g  networks, from the  
outputs  of GEOS A .  
l a s e r  r e t u r n s  and the outputs  f r o m  the  th ree  t ransponders  onboard 
the  spacec ra f t ,  namely, t he  range, Doppler and R&RR t ransponders .  
The SECOR range da ta  i s  i n  doubt because of the  suspected Doppler 
i n t e r f e r e n c e .  
of  the  p a r t i c i p a t i n g  s t a t i o n s ,  the da t a  f l o w  t o  GSFC i s  s l o w .  
Hence, no d a t a  a n a l y s i s  r e s u l t s  a r e  available to date  t o  i n d i c a t e  
t h e  u t i l i t y  of the  spacec ra f t  i n  the performance of i t s  geodet ic  
m i s s  ion .  

The outputs  include the  o p t i c a l  beacon f l a s h e s ,  

Due t o  t h e  l a r g e  worldwide geographical  d i s t r i b u t i o n  
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SECTION 8 

SPACECRAFT PERFOF 5A CE 

The spacec ra f t  i s  performing reasonably we l l  i n  o r b i t  and i s  
providing outputs  f o r  t h e  planned i n v e s t i g a t i o n s .  However, some 
d i f f i c u l t i e s  have been encountered i n  the  opera t ion  of the  space- 
c r a f t  which have hampered the  conduct of t h e  i n v e s t i g a t i o n s .  

8.1 MEMORY SUBSYSTEM 

A memory subsystem i s  incorporated i n  GEOS A t o  provide pro- 
grammed f l a s h  sequences of the  o p t i c a l  beacon. The memory i s  loaded 
by commands from the  ground and can provide up t o  68 hours of pro- 
grammed beacon f l a s h e s ,  although it i s  normally loaded d a i l y .  
During the  e a r l y  ope ra t iona l  use of t h e  spacec ra f t  through 15 Janu- 
a r y  1966, approximately 13,000 f l a s h e s  were programmed, of which 
about 1,400 were l o s t ,  as observed and estimated by APL. Table 8-1 
presen t s  a breakdown of t h e  causes of the  l o s t  f l a s h e s  and the  
assoc ia ted  f a i l u r e s .  

TABLE 8-1. LOST FLASHES AND ASSOCIATED FAILURES 

FUNCTION 

1. Memory i n j e c t i o n  
memory f a i l u r e  
ground problems 

2.  Sequences 
memory f a i l u r e  
ground problems 

(due t o  10 count)  

memory f a i l u r e  
ground problems 
s h o r t  due t o  10 counl 

3. Shor t  sequences 

4. Ind iv idua l  f l a s h e s  

TOTAL 
'ROGRAMMED 

62 

1 , 876 

1,717 
not l o s t )  

13,013 
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LOST 

12 

7 
5 

159 
87 
7 2  

96 

1,395 
613 
453 
329 

% SUCCESS 
~~ 

81 
89 
92 
91.5 
95 
96 
94 

89 
95 
97 
97 



. 
. 

Through 15 January 1966, 62 memory i n j e c t i o n s  had been per-  
formed ( t h i s  number does no t  include i n j e c t i o n s  f o r  the  s o l e  
purpose of c o r r e c t i n g  the  spacecraf t  c lock ) .  Seven of t he  62 
memory i n j e c t i o n s  were dumped because of memory f a i l u r e s ,  and f i v e  
more were i n c o r r e c t  because of ground problems such a s  opera tor  
e r r o r s  o r  ground support  equipment f a i l u r e s .  The term "memory 
f a i l u r e s "  i s  n o t  used i n  i t s  l i t e r a l  sense because the  a c t u a l  
cause of f a i l u r e  i s  n o t  known a t  t h i s  t ime. One hypothesis  i s  
t h a t  t h e  problem stems from noise generated by o p t i c a l  beacon 
lamp #2, because each unscheduled memory dump has occurred a t  t h e  
i n s t a n t  of f lash,  each time lamp #2 has been programmed. The 
number of l o s t  f l a s h  sequences a l s o  a r e  l i s t e d  as caused by mem- 
ory f a i l u r e s  or ground problems. 

Another problem, s h o r t  sequences, has occurred 96 times out  
of approximately 1,700 programmed sequences t ha t  were no t  l o s t .  
A s h o r t  sequence i s  one i n  which a l l  of t h e  programmed f l a s h e s  
( e i t h e r  f i v e  or seven) do not  occur. 
grammed each t i m e  t h a t  a s h o r t  sequence has occurred, and one 
hypothesis  i s  tha t  noise  impulses f rom t h i s  lamp a re  triggering 
t he  10-count c i r c u i t ,  causing it t o  r e g i s t e r  10 counts before  a 
sequence i s  completed. The 10-count c i r c u i t  i s  a s a f e t y  device 
t o  d i s a b l e  the  f l a s h  c i r c u i t s  i f  10 f l a s h e s  occur before being 
r e s e t  by the  s t a r t  of the  sequence pulse .  I t s  purpose i s  t o  
prevent  t he  o p t i c a l  b a t t e r y  f rom being discharged by a malfunction 
t h a t  cause$ continuous f l a sh ing .  It should be noted t h a t  t he  
10-count c i r c u i t  i s  i n  the  o p t i c a l  beacon subsystem, not  i n  t h e  
memory subsystem. 

F lash  lamp #4 has been pro- 

The l o s t  f l a s h e s  a r e  l i s t e d  i n  t h r e e  subcategories:  ground 
problems, s h o r t  sequences, and memory f a i l u r e s .  Those l o s t  due 
t o  ground problems and shor t  sequences r e l a t e  t o  problems pre-  
v i o u s l y  discussed.  Most of  those l o s t  due t o  memory f a i l u r e s  were 
t h e  r e s u l t  of unscheduled memory dumps; however, a t  in f requent  
i n t e r v a l s ,  s e v e r a l  f l a s h e s  have been l o s t  due t o  o the r  memory 
f a i l u r e s  . 

I 
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8 . 2  OPTICAL BEACON 

The o p t i c a l  beacon subsystem i s  made up of a sequence con- 
t r o l l e r ,  f o u r  xenon f l a s h  lamps, and a power supply f o r  each lamp. 
The sequence c o n t r o l l e r  r egu la t e s  lamp f l a s h e s  i n  response t o  
s i g n a l s  from the  memory subsystem. Sequences of f i v e  or seven 
f l a s h e s ,  a t  four-second i n t e r v a l s ,  can be provided us ing  any 
chosen combination of f l a s h  assemblies. 
subsystem. a re :  

Problems concerning t h i s  

a .  Noise generated during lamp f l a s h e s  ( r e f e r r e d  t o  i n  the  
previous sec t ion  on the memory subsystem) 

b.  Imprecise knowledge of lamp f lash  i n t e n s i t y  

c .  Nonoptimization of output of vo l tage  r egu la to r s  t h a t  
charge the energy s to rage  capac i to r s .  

Af t e r  GEOS A was o rb i t ed  and before  grav i ty-gradien t  cap ture  
(Paragraph 6.1)  t he  beacon lamps may have been exposed t o  d i r e c t  
sun l igh t  f o r  a per iod up t o  10 hours.  During t h i s  per iod ,  t h e  
rays f r o m  t h e  sun were ~ O C I ? S P ~  on t h e  base t h a t  supports  t h e  xenon 
tube r a t h e r  than on t h e  tube i t s e l f  because the  spec i f i ed  beam 
shape approximates a hollow cone. It i s  theorized t h a t  t he  apoxy 
coa t ing  on the  base w a s  vaporized and formed a carbon p a t h  from 
t h e  t r i g g e r  e l ec t rode  (which i s  on the  outs ide  of the xenon tube)  
t o  t h e  grounded r e f l e c t o r .  Then, when the  lamp i s  t r igge red ,  t h e  
t r i g g e r  pu lse  i s  conducted t o  ground over a noise-producing pa th .  
A poss ib l e  s o l u t i o n  t o  t h i s  problem i s  t o  use beryl l ium oxide, a 
ceramic, f o r  t he  bases.  

A second r e s u l t  of t he  s o l a r  furnace e f f e c t  r e fe r r ed  t o  i n  
t h e  previous paragraph has apparent ly  caused a problem i n  de t e r -  
mining the  l i g h t  i n t e n s i t y  of the  f l a s h  lamps. The output of t he  
f l a s h  d e t e c t o r  c e l l s  has  s t e a d i l y  decreased s ince  GEOS A was 
o r b i t e d  and it i s  hypothesized t h a t  t he  coa t ing  vaporized by the  
s o l a r  furnace e f f e c t  has coated the  c e l l s  and a t  l e a s t  p a r t i a l l y  
c u t  down t h e  amount of l i g h t  reaching them. I n  addi t ion ,  t he  
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. 
capaci tance of t h e  energy s torage  capac i to r s  i n s t a l l e d  i n  GEOS A 
s h o r t l y  before  launch was no t  properly measured, and subsequent 
c a l i b r a t i o n  of the  l i g h t  output  was performed under extremely 
poor condi t ions .  
p roper ly  specifying the  method of measuring t h e  c r i t i c a l  parameters 
of t he  capac i to r s .  

This problem w i l l  be solved f o r  GEOS B by 

Energy s torage  capac i to r s  a re  charged by a separa te  regulated 
power supply f o r  each lamp. The output vo l tage  of each power 
supply i s  a func t ion  of c e r t a i n  sensing r e s i s t o r s ,  which should be 
se l ec t ed  so  t h a t  t he  capac i to r s  w i l l  be charged t o  880 v o l t s .  
Avai lable  r e s i s t o r s  could not  be combined f o r  e x a c t l y  880 v o l t s ,  
s o  the  combination t h a t  r e su l t ed  i n  the  next  lower vol tage w a s  used. 

APL has  reported t h e  following s t a t u s  of t h e  operat ion of 
each lamp a s  of mid-January 1966: 

Lamp #1 

Lamp #2 

This i s  opera t ing  nominally 

The malfunction p resen t ly  assoc ia ted  with t h e  oper- 
a t i o n  of thls lzy 1-init i s  a t o t a l  zeroing of the  
memory (memory dump) and a l o s s  of timing. 
malfunctions of t h i s  type have occurred. 

I n  s i n g l e  lamp f l a s h i n g  of t h i s  lamp,  e i g h t  f l a s h e s  
i n  f o u r  sequences were l o s t  out of 559 programmed 
f l a s h e s .  The l o s t  f l a s h e s  i n  each sequence were 
always the  f i r s t  and the  second. 

This u n i t  has caused malfunctions more o f t e n  than 
any o ther .  The e f f e c t  has  been t o  t runca te  the  
f l a s h  sequence. 
t o  come i n t o  play during the  malfunction. 

Nine 

Lamp #3 

Lamp #4 

The 10-count c i r c u i t  i s  thought 

8.3 DOPPLER, R&RR AND SECOR TRANSPONDERS 

The Doppler, R&RR and the Army range (SECOR) transponders 
have funct ioned s a t i s f a c t o r i l y  through the  end of January 1966. 
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Some i n t e r f e r e n c e  between the  SECOR transponder and the  Doppler 
has  been reported by the  Army Map Service SECOR s t a t i o n  a t  Herndon, 
V i rg in i a .  However, t o  da te  i t  has n o t  been d e f i n i t e l y  e s t ab l i shed  

ground s t a t i o n .  A f u r t h e r  i n v e s t i g a t i o n  of  t h i s  problem i s  cur-  
r e n t l y  underway. 

I a s  t o  whether t he  problem e x i s t s  i n  the  spacec ra f t  o r  a t  t h e  

8.3.1 Doppler Transponder 

The Doppler system i s  providing good s i g n a l s ,  such t h a t  
through January 1966 85 percent  of the  7,500 d a t a  recept ions  have 
been used f o r  computer runs.  

8.3.2 R&RR Transponder 

The R&RR transponder functioned normally u n t i l  4 February 1966. 
A t  t h a t  time the  spacec ra f t  entered a period of f u l l  sun l igh t  i n  
o r b i t  and the  transponder temperature began t o  r i s e  u n t i l  it ex- 
ceeded the  upper temperature design l i m i t .  On 6 February 1966, 
t he  transponder w a s  turned o f f  arid the  temperature dropped t o  a 
l e v e l  w i th in  design l i m i t s .  The cause of  t h i s  temperature increase  
i s  suspected t o  be the  continuous exposure t o  the  sun of the  
t ransponder  s i d e  of the  spacecraf t  ( s e e  Figure 1-3).  The space- 
c r a f t  has been observed t o  have no r o t a t i o n  about t he  yaw a x i s ,  
s o  t h i s  s i d e  remains o r i en ted  toward the  sun. An i n v e s t i g a t i o n  
of t h i s  problem has been i n i t i a t e d  by APL. 

8.3.3 SECOR Transponder 
I 

S h o r t l y  a f t e r  the  R&RR transponder temperature was observed 
t o  be increas ing ,  the  temperature of t he  SECOR range transponder,  
mounted on the  opposite s i d e  of  the  spacec ra f t  (Figure 1-3) was 
observed t o  be decreasing.  The temperature dropped t o  the  lower 
o p e r a t i o n a l  l i m i t  i n  e a r l y  February and i s  s t a b i l i z i n g  a t  t h a t  
l e v e l .  SECOR has had d i f f i c u l t y  i n  maintaining operat ion a t  t h i s  
temperature.  

I 
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8.4 COMMAND SUBSYSTEM 

The command subsystem i s  funct ioning normally and the  space- 
c r a f t  subsystems have responded t o  a l l  ground commands. Although 
APL has prime r e s p o n s i b i l i t y  f o r  commanding the  spacec ra f t ,  t he  
NASA STADAN S t a t i o n s  have a l s o  demonstrated s a t i s f a c t o r y  command 
c ap ab ili t y . 

8.5 TELEMETRY SUBSYSTEM 

The te lemet ry  subsystem has functioned normally s ince  launch 
and i s  cont inuing t o  supply da ta  on the  performance o f  the space- 
c r a f t .  No d i f f i c u l t i e s  have been encountered w i t h  t h i s  subsystem. 
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